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Abstract. – Ashgillian graptolites have been described and recorded globally from 15 different paleoplates. The most di-
verse graptolite faunas are from the Yangtze region, South China, including 28 genera and 96 species. Among them, 25
genera and 73 species belong to the DDO fauna (Dicranograptidae – Diplograptidae – Orthograptidae fauna), and only
three genera but 23 species belong to the N fauna (Normalograptidae fauna). Among the Yangtze graptolite fauna there
are six endemic genera and 51 endemic species, which represent 21% and 52%, respectively, of the Ashgillian fauna in
the region. This is an unusually high level of endemism. Endemic species are present in both the endemic and the cos-
mopolitan genera.
A late Ashgillian stepwise extinction event has recently been recognized, based on graptolite diversity changes
and graphic correlation. This begins with a major extinction from the Diceratograptus mirus Subzone to the middle
Normalograptus extraordinarius-N. ojsuensis Zone, and ends with a minor extinction prior to the end of the
Normalograptus persculptus Zone. Graptolite faunal replacement of the DDO fauna by the N fauna occurred throughout
this interval.
A comparison of Ashgillian graptolite diversity between the Yangtze region and other regions indicates that two
different biogeographical realms existed in mid-Ashgillian time. A moderate-diversity graptolite fauna is present in the
low-middle latitude realm, which includes South Scotland, Kazakhstan, Kolyma, Nevada, Yukon, Canadian Arctic, SE
Australia. The Yangtze region was located in this realm, but was characterized by a very high-diversity fauna. Some
other localities, including eastern Avalonia (Wales and England), the Argentina Precordillera, and Bohemia, which
mainly represent the mid- to high-latitude realm, contain the lower-diversity mid-Ashgillian assemblages. This
biogeographical distribution suggests a latitudinal diversity gradient, which may be controlled mainly by water tempera-
ture. This climate gradient becomes much less evident by late Hirnantian time in which most parts of the world have a
relatively low diversity fauna totally dominated by normalograptid species, many of which appear to have been
eurytopic. Throughout the Ashgillian, however, the Yangtze platform shows a high diversity and long persistence of
DDO taxa the mass extinction interval. This may be a consequence of the semi-restricted nature of the basin in which
conditions relatively favorable to graptolite survival and speciation existed throughout all or most of the Hirnantian.
Graptolites ashgilliens de la région de Yangtze et distribution géographique de leur diversité
au cours de l’Ordovicien terminal
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Résumé. – Les Graptolites ashgilliens sont connus d’après 15 paléocontinents. Les faunes les plus diversifiées se trou-
vent dans la région de Yangtze (Chine méridionale), où l’on connaît 28 genres et 96 espèces, dont 25 genres et 73 espè-
ces appartiennent à la faune de type DDO (Dicranograptidae-Diplograptidae-Orthograptidae) et seulement 3 genres et
23 espèces à la faune de type N (Normalograptidae). La région de Yantgze se caractérise par un taux d’endémisme très
significatif : 6 genres et 51 espèces de la faune à graptolites y sont endémiques, ce qui correspond respectivement à 21
et 52 % de la faune ashgillienne de la région. D’ailleurs, les espèces endémiques sont présentes à la fois dans des genres
endémiques et cosmopolites.
Un événement d’extinction échelonné est reconnu à l’Ashgillien supérieur à partir des changements dans la diver-
sité des graptolites et leur corrélation graphique. Cet événement commence avec une extinction majeure, depuis la
sous-zone à Diceratograptus mirus jusqu’à la moitié de la zone à Normalograptus extraordinarius-N. ojsuensis, et se
termine avec une extinction mineure avant la fin de la zone à Normalograptus persculptus. Cet intervalle est aussi carac-
téristé par un remplacement de la faune de type DDO par celle de type N.
La comparaison de la diversité des graptolites ashgilliens entre la région de Yangtze et autres régions permet de
différencier deux domaines biogéographiques au cours de l’Ashgillien moyen. Le domaine situé au niveau des latitudes
faibles à moyennes possède une faune graptolitique à diversité modérée, comprenant l’Ecosse méridionale, le Kazakh-
stan, Kolyma, Nevada, Yukon, l’Arctique canadien et l’Australie du SE. La région de Yangtze se situait dans ce secteur,
mais sa faune possède une grande diversité. D’autres localités, telles que l’Avalonie orientale (Pays de Galles et Angle-
terre), la Précordillère argentine et la Bohême représenteraient un domaine de latitudes moyennes à hautes, qui content
des assemblages de l’Ashgillien moyen à diversité faible. Cette distribution biogéographique suggère le développement
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d’un gradient de diversité latitudinal principalement contrôlé par la température des eaux. Ce gradient climatique est de-
venu moins significatif au cours de l’Hirnantien terminal caractérisé, dans une grande partie du globe, par une diversité
relativement faible des faunes totalement dominées par les espèces des normalograptidés, dont une grande partie possé-
dait un caractère eurytopique. Toutefois, au cours de l’Ashgillien, la plate-forme de Yangtze est caractérisée par une
grande diversité et une persistance des taxons de type DDO associés à l’intervalle d’extinction en masse. Ceci peut être
la conséquence de la nature semi-restreinte du bassin, où les conditions relativement favorables à la survie des graptoli-
tes et à la spéciation se sont maintenues au cours d’une grande partie de l’Hirnantien.
INTRODUCTION
Ashgillian graptolites have been described and recorded
globally from many different paleoplates. There are 15 dif-
ferent regions from which Mid- to Upper Ashgillian faunas
have been described in sufficient detail to provide an under-
standing of their distribution. Two graptolite faunas, the DDO
fauna (Dicranograptidae – Diplograptidae – Orthograptidae
fauna [Melchin and Mitchell, 1991] and the N fauna
(Normalograptidae fauna, the present paper) have been rec-
ognized and described recently by the present authors. The
DDO fauna, together with the N fauna in the middle to late
Ashgillian, represents the last Ordovician graptolite radia-
tion. Of these 15 regions, the Ashgillian graptolite fauna in
the Yangtze region (fig. 1) is the most diverse. It includes
almost all of the genera and most of the species that occur
in the other 14 regions.
Since the work of Mu [1945], Ashgillian graptolites in
the Yangtze region have been intermittently described by
many authors from the Wufeng Formation. Mu et al. [1993]
systematically described the whole Wufengian graptolite
fauna, which was restudied recently by Chen et al. [2000].
It now includes 28 genera and 96 species, based on data
from 43 localities throughout the whole Yangtze region
[Chen et al., 2000, fig. 1]. Some Ashgillian graptolites re-
corded by Wang et al. [1982, 1987, 1992] were included in
the compilation of Mu et al. [1993]. The Ashgillian
biozonation defined by Chen et al. [2000, fig. 2] is also em-
ployed in the present paper (fig. 2). These basic data on
graptolite taxonomy and biostratigraphy from the Yangtze
region, as well as published data from other regions around
the world, provide the opportunity to investigate the
biogeographical distribution of Ashgillian graptolites. All
of the basic stratigraphic data and illustrations for the Yang-
tze graptolites were published recently [Chen et al., 1999,
2000], and the reader is referred to these papers for details.
THE YANGTZE ASHGILLIAN GRAPTOLITE
FAUNA
Among the 28 genera and 96 species of the Yangtze Ashgillian
graptolite fauna, 25 genera (89 %) and 73 species (76 %) belong
to the DDO fauna and three genera (11 %) and 23 species (24%)
belong to the N fauna. Six endemic genera, Orthoretiograptus,
Yinograptus, Yangzigraptus, Pseudoreteograptus, Sunigraptus,
and Tangyagraptus, which only occur in the Yangtze region,
comprise 21 % of the total number of Ashgillian graptolite gen-
era (fig. 3). The 50 endemic species in the DDO fauna occur not
only in the endemic genera but also in the cosmopolitan gen-
era, representing 68% of the DDO forms and 52 % of the to-
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FIG. 1. – An index map of reference sections with endemic graptolites from the Yangtze platform region.
Or: Orthoretiograptus, Ya: Yangzigraptus, Ps: Pseudoretiograptus, Pr: Pararetiograptus, Ta: Tangyagraptus, Di: Diceratograptus, Yi: Yinograptus, Pa: Pa-
raplegmatograptus, Su: Sunigraptus.
Localities: 1: Wangchang-Nanjiang area, 2: Hanyuan-Hongya area, 3: Yuechi area, 4: Gusong area, 5: Zunyi-Tongzi area, 6: Daozhen area, 7: Yanhe area,
8: Songtao area, 9: Xiushan area, 10: Wufeng area, 11: Changyang area, 12: Zigui area, 13: Baokang area, 14: Yichang area, 15: Anhua area, 16: Qingyang
area, 17: Ningguo area.
FIG. 1. – Carte des coupes de référence avec les graptolites endémiques en provenance de la région de Yangtze.
tal number of Yangtze Ashgillian graptolite species. The
Yangtze Ashgillian graptolite fauna was thus taxonomically
dominated by endemic species, indicating strong
biogeographical provincialism. Representative forms of
both the DDO and N faunas are illustrated in figure 3.
A late Ashgillian extinction event has recently been rec-
ognized based on graptolite diversity changes and a
graptolite graphic correlation study [Fan, 2001]. It begins
with a major extinction from the Diceratograptus mirus
Subzone to the middle Normalograptus extraordinarius-N.
ojsuensis Zone and ends with a minor extinction at or near
the end of the Normalograptus persculptus Zone. Complete
faunal replacement from the DDO fauna to the N fauna took
place during these two phases of extinction.
ASHGILLIAN GRAPTOLITE BIOGEOGRAPHY
Taxonomic paleobiogeographic methods that have been ap-
plied in previous studies of graptolite biogeography were
generally based upon the presence or absence of a few char-
acteristic genera and species [Berry, 1979; Chen, 1994].
However, a comprehensive analysis of graptolite historical
biogeography for the late Ordovician is still lacking. Re-
cently, Finney and Berry [1997, 1998] focused attention on
the palaeoecological habitat requirements in which
graptolites flourished rather than on the differentiation of
faunas into provinces. Finney and Berry [1998] character-
ized Ashgillian graptolites in central Nevada as abundant
and diverse, representing an outer shelf to outer slope envi-
ronment or margin-dweller biotope. Therefore, graptolite
diversity distribution may be related to both distribution of
different, suitable habitats, and to global biogeographic
controls such as continental plate distribution, climate, and
oceanic circulation patterns.
A graptolite diversity analysis was conducted for both
genera and species, for each of the three main biozonal in-
tervals of the middle to upper Ashgillian (table I and fig. 4).
Note that data are not available for all of the 15 regions for
each interval. The data for the Dicellograptus complexus –
Paraorthograptus pacificus biozones (= the Dicellograptus
anceps Biozone of Britain) indicates the presence of two
realms that differ in their levels of diversity. Regions with
moderate to high diversity graptolite faunas, including the
Yangtze region, South Scotland, Kazakhstan, Kolyma, Ne-
vada, Yukon, Canadian Arctic, and SE Australia, occur in
the low- to middle latitude realm. Amongst these, the Yang-
tze region possesses the highest faunal diversity (table I and
fig. 4). A restudy of the Hirnantian graptolites from Dob’s
Linn, South Scotland currently underway indicates the
fauna there has a significantly higher diversity that previ-
ously reported and shown in table I and figure 4 (authors’
unpublished data). In Kazakhstan, the reported Ashgillian
graptolite diversity [Apollonov et al., 1980] may be artifi-
cially low due to the difficulty of making large collections
in this region, as both biofacies and lithofacies recorded
from the Ashgillian of Kazakhstan are similar to those of
the Yangtze region. The same may be true of the Yukon
[Lenz and McCracken, 1982]. The Canadian Arctic Islands
assemblages are most likely relatively low as a result of the
fact that they represent a relatively shallow-water graptolite
biofacies [Melchin, 1987].
Some other regions, mainly from the moderate to
high-latitude realm, including E Avalonia, the Argentine
Precordillera, and Bohemia, possess low-diversity faunas
(table I and fig. 4) that are often numerically dominated by
species of Normalograptus. Rickards [2002] has presented a
new species list and revised graptolite zonation for the type
Ashgill succession in Cumbria, UK, which suggests that the
rocks formerly correlated with the D. anceps Zone in this
area are instead older. However, it appears that the youngest
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FIG. 2. – A range chart of the Ashgillian graptolite genera with the Ashgillian biozonation from the Yangtze region.
FIG. 2. – Distribution stratigraphique des genres de graptolites ashgilliens situés par rapport à la biozonation de la région de Yangtze.
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beds of the type Rawtheyan may still be within the D.
anceps interval.
Pre-Hirnantian graptolites are absent at many
Gondwanan and pre-Gondwanan regions due to lithofacies
constraints. Despite these limitations in the dataset, it seems
clear that in mid-Ashgillian (pre-Hirnantian) time all of the
moderate to high-diversity graptolitic faunas are distributed
within the low to mid-latitude belt, and the low-diversity
graptolite faunas in the mid- to high-latitude belt (figs 4 and
5). This biogeographical distribution thus suggests a latitu-
dinal gradient pattern, which may have been controlled
mainly by the effects of water temperature. Copper et al.
[1991] described a similar pattern of latitudinal distribution
in early Ordovician graptolites, and this pattern may be rep-
resentative of the most of the Ordovician [Berry and Wilde,
1990].
In the lower Hirnantian N. extraordinarius – N.
ojsuensis Biozone (defined by the first appearance of either
of the eponymous taxa) diversity is largely a function of the
degree to which graptolites of the DDO fauna persist into
the zone (table I). In the Yangtze region many of the DDO
taxa survive well into the Hirnantian, and a smaller number
are found in this interval in South Scotland, Kazakhstan,
Kolyma, Nevada, and the Argentine Precordillera. By con-
trast, in the other high latitude regions (Bohemia and Niger)
and shallower-water biofacies (e.g., Arctic Canada), the
DDO species do not persist into this interval and a very low
diversity normalograptid fauna is present. It is worth noting
that even within the Yangtze regions, those sections that
formed in shallower-water parts of the basin have a low di-
versity fauna almost completely lacking in DDO taxa in this
interval [Chen et al., 2000].
In the late Hirnantian, the Yangtze region is unique in
that is served as a refugium for a relict fauna of DDO spe-
cies not known at this time in any other part of the world
(table I). In addition, it has the highest diversity N fauna of
all the studied regions. Besides this, however, there is no
clearly evident paleolatitudinal diversity gradient in the late
Hirnantian, as was present through most of the rest of Ordo-
vician time. Relatively high-diversity faunas (e.g., Maurita-
nia, Arctic Canada, and probably South Scotland), as well
as lower diversity faunas, were apparently distributed
through a range of paleolatitudes. These relationships sug-
gest that late Hirnantian graptolite faunas, the survivors of
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FIG. 3. – Representative Ashgillian graptolites from the Yangtze region.
The stratigraphical ranges of the illustrated graptolites are based on the zonation given by Chen et al. [2000].
A, Nymphograptus sichuanensis MU, D. complexus Zone, × 1.7. B, Diceratograptus mirus MU, D. mirus Subzone, × 5. C, Climacograptus hastatus (T. S.
HALL), P. pacificus Zone to N. extraordinarius-N. ojsuensis Zone, × 5. D, Leptograptus extremus MU and ZHANG, D. complexus Zone, × 2.6. E, Tangya-
graptus typicus MU, T. typicus Subzone, × 5. F. Paraorthograptus pacificus (RUEDEMANN), P. pacificus Zone to N. persculptus Zone, × 5.5. G, Parapleg-
matograptus connectus MU, D. complexus Zone to N. extraordinarius-N. ojsuensis Zone, × 4.7. H, Sinoretiograptus mirabilis MU, D. complexus Zone,
× 6.8. I, Appendispinograptus venustus (HSU), D. complexus Zone to T. typicus Subzone, × 4.4. J, Pararetiograptus sinensis MU, D. complexus Zone to T.
typicus Subzone, × 5.5. K, Climacograptus tatianae KELLER, T. typicus Subzone to N. extraordinarius-N. ojsuensis Zone, × 4.3. L, Orthoretiograptus den-
ticulatus MU, D. complexus Zone, × 4.8. M, Dicellograptus ornatus ELLES and WOOD, D. complexus Zone to N. extraordinarius-N. ojsuensis Zone, × 5.8.
N, Appendispinograptus supernus (ELLES and WOOD), D. complanatus Zone to N. extraordinarius-N. ojsuensis Zone, × 4. O, Orthograptus maximus MU,
D. complanatus Zone to D. mirus Subzone, × 5.5. P, Arachniograptus connectus (WANG), D. complexus Zone, × 2.1. Q, Amplexograptus latus ELLES and
WOOD, D. complanatus Zone to N. extraordinarius-N. ojsuensis Zone, × 8.5. R, Yinograptus disjunctus (YIN and MU), P. pacificus Zone, × 5.5. S, Rectograp-
tus uniformis (MU and LI), D. complexus Zone to N. extraordinarius-N. ojsuensis Zone, × 3.7. T, Normalograptus ojsuensis (KOREN’ and MIKHAILOVA), N.
extraordinarius-N. ojsuensis Zone, × 5. U, Neodiplograptus chairs (MU and NI), N. extraordinarius-N. ojsuensis Zone to N. persculptus Zone, × 5. V, Sud-
burigraptus ? angustifolius (CHEN and LIN), N. persculptus Zone, × 5. W, Normalograptus sp. aff. N. indivisus (DAVIES), N. persculptus Zone, × 17.
FIG. 3. – Graptolites ashgilliens représentatifs de la région de Yangtze. Les distributions stratigraphiques des graptolites suivent les données de Chen et
al. [2000].
FIG. 4. – A comparison of Ashgillian graptolite genera diversities between
the Yangtze and other regions around the world.
Numbers in columns indicate the total numbers of genera to each region in
different time intervals (see table I).
FIG. 4. – Comparaison de la diversité des graptolites ashgilliens de la ré-
gion de Yangtze par rapport à d’autres régions du globe. Les numéros des
colonnes indiquent le nombre total de genres de chaque région selon des
intervalles chronologiques différents (tabl. I).
the main phase of the late Ordovician mass extinction, were
less sensitive to climatic gradients than the pre-extinction
assemblages. In fact, the dominant genus, Normalograptus,
was most dominant in high-latitude assemblages in pre-
Hirnantian time, suggesting that at least some of the species
of this genus were relatively eurythermal.
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D. complexus-P. pacificus b iozones
Yangtze 1 2 6 1 3 # 1 4 1 5 4 3 3 1 1 1 5 1 4 1 2 61 21
Kazak.* 1 1 3 1 1 2 2 1 3 1 1 17 11
Kolyma 1 2 3 1 4 3 1 2 2 2 21 10
Nevada 1 3 2 1 2 3 2 1 1 1 1 1 2 1 22 14
Yukon* 1 2 1 1 1 2 1 1 1 1 3 1 16 12
C. Arctic 2 4 1 3 1 2 13 6
Austral. 1 1 2 4 5 1 1 1 1 2 1 20 11
Argent.* 1 3 1 1 1 1 8 6
S. Scot. 1 1 1 5 2 1 1 1 2 1 1 1 18 12
E. Avalon 1 1 1 2 1 1 7 6
Bohemia 1 2 1 1 1 6 5
N. extraordinarius-N. ojsuensis Biozone
Yangtze 1 1 3 3 2 1 1 7 4 3 2 1 29 12
Kazak.* 1 1 5 1 1 9 5
Kolyma 1 1 6 1 9 4
Nevada 3 1 1 5 1 1 12 6
C. Arctic 2 2 1
Austral. 3 3 1
Argentina 1 1 3 5 10 4
S. Scot. 1 1 1 2 1 5 1 1 1 1 1 16 11
Bohemia 1 1 1
Niger 1 1 1
N. persculptus Biozone
Yangtze 1 1 3 # 2 1 1 25 7
Kazak.* 4 4 1
Kolyma 5 5 1
Nevada 4 4 1
C. Arctic 3 8 1 12 3
Austral. 3 3 1
Argentina 1 5 6 2
S. Scot.* 1 6 7 2
E. Avalon 1 6 7 2
Scand. 9 9 1
Bohemia 4 4 1
Algeria 7 7 1
Maurit. 9 2 11 2
TABLE I. – A comparison of graptolite diversities between the Yangtze and
other regions around the world for each of the biozones of the middle to
upper Ashgillian. Numbers in columns indicate the number species per
biozone of each genus for each region. Asterisks indicate those regions for
which we have reason to believe that further sampling would yield a signi-
ficantly more diverse fauna. Reference sources for each region are:
Yangtze – Chen et al. [2000, in press]; Kazakhstan – Apollonov et al.
[1980]; Kolyma, NE. Russia – Koren’ et al. [1983]; Nevada – Finney et al.
[1999]; Yukon – Lenz and McCracken [1982, 1988]; Canadian Arctic –
Melchin [1987], Melchin et al. [1991]; Melchin [unpublished data]; SE.
Australia – VandenBerg et al. [1984], VandenBerg and Cooper [1992];
Argentine Precordillera – Cuerda et al. [1988], Rickards et al. [1996], Mit-
chell et al. [1998], Brussa et al. [1999]; S. Scotland – Toghill [1968], Wil-
liams [1982, 1983]; E. Avalonia [Wales and England] – Elles and Wood
[1901-1918], Davies [1929], Zalasiewecz and Tunnicliff [1994]; Born-
holm – Koren and Bjerreskov [1997]; Bohemia – Príbyl [1951]; Štorch
[1988, 1989]; Niger – Legrand [1993]; Algeria – Legrand [2001]; Maurita-
nia – Underwood et al. [1998].
TABL. I. – Comparaison des diversités illustrées par les graptolites de la
région de Yangtze et d’autres régions du globe pour chacune des biozones
de l’Ashgillien moyen et supérieur. Les numéros des coupes indiquent le
nombre des espèces par biozone, par genre et par région. Les astérisques
signalent les régions où nous considérons qu’un échantillonnage plus dé-
taillé pourrait apporter une faune plus variée.
FIG. 5. – A global reconstruction of two graptolite biogeographic realms with Ashgillian graptolite localities. The basic map is provided by Scotese (in
Boucot et al. in preparation). The absence of pre-Hirnantian fauna in some high-latitude realm makes this realm somewhat uncertain.
1. Kolyma, Russia, 2. Nevada, USA, 3. Yukon, Canada, 4. Canadian Arctic islands, 5. Scotland, 6. Kazakhstan, 7. Yangtze, South China, 8. SE. Australia,
9. Bornholm, 10. Argentine Precordillera, 11. E. Avalonia, 12. Bohemia, 13. Mauritania, 14. Algeria, 15. Niger.
FIG. 5. – Reconstitution globale des deux domaines biogéographiques de graptolites avec les localités de référence à graptolites ashgilliens (charte
d’après Scotese, in Boucot et al., en prép.). L’absence de la faune pré-Hirantienne dans certains secteurs de hautes latitudes confère une certaine incerti-
tude à la définition de ce domaine.
Finney and Berry [1997, 1998] suggested that the pat-
terns of highest diversity occur in upwelling zones over
continental margins. This model is mainly based on their
Nevada sections. However, they also suggested that if
changes in ocean depth were extreme, graptolite habitats
could have moved either far in over the shelf, or far seaward
to overlie the lower slope, rises or open ocean floors. In the
case of the Yangtze Platform, upwelling may have affected
the whole region, particularly the central region. However,
more important may have been the semi-isolation of the
platform region during the Ashgillian (fig. 1). Chen et al.
[1987] suggested that a high percentage of the endemic taxa
in the Wufeng Formation of the Yangtze Platform, in partic-
ular those with specialized rhabdosome structure or
stenotopic taxa, might be related to semi-isolated environ-
mental conditions. During the time interval of graptolite ra-
diation preceding the extinction events, specialized or
stenotopic taxa may have increased rapidly in diversity, as
suggested by Walliser [1996]. Many specialized genera,
such as the six endemic genera mentioned above, were re-
stricted to a single zone or subzone. It is interesting that the
short-duration taxa appear to be associated with stenotopy
in the Yangtze Platform.
The isolated nature of the Yangtze Platform would also
help to explain the unusually long persistence of DDO taxa
into the Hirnantian and the high degree of diversification of
normalograptid species, including some endemic forms
[Chen et al., 2003] in late Hirnantian time. We thus suggest
that the Yangtze region might represent a distinct
biogeographical province within the low-mid-latitude
realm. Kazakhstan might also be a part of the Yangtze Prov-
ince. However, further collection and investigation in this
region needs to be conducted.
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